INTRODUCTION
The formation of cysts by dinoflagellates is now well documented (Dale, 1983 and references therein). Investigations of cyst-theca relationships have been carried out over some twenty years (Wall 2 4 Dale, 1968a, b; 1969 , 1971 Fukuyo et al., 1977; Matsuoka et al., 1982; Lewis et al., 1984) . There still remain, however, a large number of relationships to be determined; of 170 cyst morphotypes in Recent sediments, only about 50 have been correlated with their dinoflagellate motile stages (Dale, 1983) . Besides scientific curiosity, there are two reasons for such investigations. The first is the improvement in taxonomic understanding that can be achieved and the second is to allow interpretation of the cyst content of the sediment. This sedimentary record is a valuable one as the occurrence of certain dinoflagellate species in the plankton can be short-lived and in low numbers (see for example Braarud et al., 1958) . Their presence, however, can more easily be detected from the sediments (Dale, I976 & 1983; Lewis et ul., 1985) . Investig, ' I t' ions into the ecology and taxonomy of dinoflagellates in Scottish sea-lochs, therefore, include studies of cyst -theca relationships.
The motile cell of Pvotoperidiriiirrir mnertcunum (Gran & Braarud) Balech was originally described from the Gulf of Maine and in the same work was reported from the west coast o f Ireland (Gran & Braarud, 1935) . It has also been reported from the North West of Spain (Gaarder, 1954) . A comprehensive description of the species is given by Borgese de Mayer (1983) from South Atlantic ocean specimens. The cyst of the species was informally described by Reid in his thesis (1972) and has been found in Trondheimsfjord, Norway (Dale, 1976, fig. 16 ) and Japan (Fukuyo, pers. comm.) .
METHODS
For the distribution study, sediments were collected from the Scottish west coast using a Craib corer, during the summers of 1982 and 1983. Sampling sites are shown in Fig. 1 . For the most part the top 5cm of sediment was taken and kept at 4°C for later study. For microscopy a small amount of sediment (0.5-0.75g) was sonicated gently in sea water for 1 minute and then passed through 63pm and retained on 38pm sieves using standard amounts of filtered sea water. The material collected on the 38 p m sieve was then washed off into a small amount of filtered sea water and poured into a gridded petri dish for examination under a Wild binocular microscope using X 80 magnification. The distribution of the cysts down a core taken in September 1986 from Loch Creran was also investigated. The core was taken, extruded and sectioned into l c m portions which were kept at 4°C for later study. For cyst counting, a small sub-sample (approximately 0.5 g) of sediment was sonicated for two minutes. It was then sieved through a 75pm sieve and retained on a 20pm sieve. Material retained on the 20pm sieve was then washed off into approximately 25 cm3 of seawater and allowed t o settle into exactly lOcm' of seawater. This was thoroughly mixed and two 1 cm3 aliquots of this suspension were counted in a lcm3 Sedgewick Rafter Chamber using an Olympus model BHS binocular microscope at x 100 magnification. Cyst numbers were converted to a dry weight basis by using a volume correction, the wet/dry weight ratio of the sediment sample and the weight of the mud sub-sample to calculate the number of cysts per gram dry weight of sediment.
Cysts for germination were normally collected in April (i.e. over-wintered) from Loch Creran. Incubation and SEM techniques are as described in Lewis et al. (1984) with the additional use of a Cambridge SlOO and S410 scanning electron microscopes.
OBSERVATIONS
Some people have argued that a separate nomenclature should be retained for dinoflagellate cysts (see for example, Reid, 1974 and Bradford, 1975) . It is our feeling that this is unnecessarily complicated and artificial for dinoflagellate cysts belonging to extant species, where sufficient information is available to link stages of the life-cycle (see also . Although this cyst species was informally described by Reid (unpub. thesis, 1972) fig. 1 ). The endocyst is spherical. The thick-walled endophragm is composed of two parts, the inner layer is smooth and is overlain by the granular outer layer (Pl. 1, figs. 6, 8). The periphragm is thin, smooth and clear and it fits loosely around the endocyst, in places being pressed close to the endophragm and in others gently folded away (PI. 1, fig. 5 ) . The folds are not related to any paratabulation, indeed, aside from the archeopyle no paratabularion was evident in the general morphology of the cyst.
The archeopyle is unusual for the genus and is different in the endocyst and the pericyst. The endoarcheopyle is compound polyplacoid (PI. 1, fig. 4 ) being composed of three opercular pieces which appear to represent the loss of the second, third and fourth apical paraplates (Fig. 2c ). These opercular pieces may remain protuding outwards shortly after excystment fig. 3 ) but they are quickly lost thereafter. In some cases these opercular pieces were seen to have fallen into the cyst. In some specimens that had not excysted but where the contents had decomposed, the principal and accessory archeopyle sutures surrounding each opercular piece were clear. The periarcheopyle is somewhat variable. This, however, may be a secondary effect caused by the thinness of the periphragm which makes it prone to splitting and tearing after excystment. In several specimens, a clear three-way split has been found (Pl. 1, fig. 7 ) and this possibly is the true archeopyle. This split may represent the parasutures between the apical paraplates, 2', 3'. and 4. but in the specimens where this was observed it was not possible to check the orientation of the splits with the endoarcheopyle. Following Evitt (1985) . the archeopyle formula is ?/3A2-4.. Like many Protoperidinium cysts, that of Protoperidinium americanum is not robust and empty specimens from the sediments were frequently found to be flattened. Occasional specimens were noted without the periphragm. Description of thecae. Some 25 thecate motile cells have been obtained from successful incubations. They frequently rounded off after excystment and did not properly form their theca (PI. 1, fig. 2 ). Cells lacked chloroplasts but contained some pale green bodies. The cells are nearly spherical, being slightly longer than wide. The theca is very delicate making plate determination difficult. Plates are smooth with slight undulations which are most noticeable on the hypotheca (PI. 2, fig. 3 ). The trichocyst pores are simple holes with an inset 'canon'-like structure (Pl. 2, fig. 7 ); they are scattered over the plates and were often found in rows along the plate margins (Pl. 2, figs. 4, 5 ) . The girdle is median, very slightly offset and excavated with no list and, apart from the trichocysts, there is no girdle ornament (Pl. 2, fig. 1 ). It consists of four cingular plates.
4'
The apical pore structure consists of a cover plate ('p0) with a ridge surrounding a tiny pore plate (PI. 2, fig. 6; Fig. 2e ). In most specimens this tiny pore plate had been lost (PI. 2, figs. 2, 7). A near rectangular canal plate joins the pore plate to the somewhat asymmetrical first apical plates (PI. 2, figs. 6, 7). The most striking feature of the plate structure of this organism are the four intercalary plates (Pl. 2, Figs. 2, 4). The sulcus is large and indented, reaching the antapex of the cell (PI. 2, fig. 5 ). The Sp plate is larger than is usual in Protoperidinium species (PI. 2, fig. 3 ; Fig. 2b ). There is a small sulcal wing situated between the Sd and Sm plate (Fig. 2d) . Aside from the intercalary plates, the plate formula was as for a typical Protoperidinium: -4', 4a, 7", 4c, 7s, 5"', 2"''.
In all respects this description, made with the aid of scanning electron microscopy, tallies with the detailed one given by Borgese de Mayer (1983) . Distribution. The cyst was found in core samples marked in Fig. 1 . The highest cyst numbers were found in Lochs Creran and Melfort but these lochs were the most extensively studied (for further details see Lewis, 1985) . In addition to the sampling sites shown in Fig. 1 , three more northerly lochs were sampled, Lochs Nevis, Hourn, and Torridon. Cysts were found to be present in Loch Torridon. Counts of the sectioned core from Creran showed an increase in total cyst numbers (empty and full cysts) from the top of the core to the bottom (from 1,376 cysts per gram dry weight of sediment in the top l c m to 2,175 cysts per gram dry weight of sediment in the 14cm section).
The thecate cell was never noted in phytoplankton samples from the sites of the distribution study or in Loch Creran during a two year seasonal study of the dinoflagellates. Reid (1972) , in his investigation of dinoflagellate cysts around the British Isles, found P. americanum most commonly,on the west coast of Scotland. It was also present on the east coast of Scotland and around Ireland but was absent from the English Channel and the Bristol Channel. In this study the P. americanum cyst was found in most of the sea-lochs sampled and its
DISCUSSION

Explanation of Plate 1
Cyst of Protoperidinium americanum absence in other samples is most likely due to the general paucity of cysts in those samples (for example, samples from the Sound of Jura). From the other scattered reports of the thecate stage and the cyst, this species would appear to have a fairly widespread coastal distribution although it is rarely seen in the plankton (Gran & Braarud, 1935; Gaarder, 1954; Borgese de Mayer, 1983; Dale, 1976) . Despite extensive counting of the thecate dinoflagellates from water samples from the west coast of Scotland, this species has never been noted (Lewis, 1985) . This is possibly becuase of confusion with other species or could be due to its rarity in the water column. The distribution of Protoperidinium americanum is clearly most easily discerned by examining bottom sediments. This species does not appear to have been described from the fossil record but as it is fairly delicate, it would probably not preserve well. However, it is perhaps surprising that it was not noted in Harland's distribution survey of Recent dinoflagellate cysts which did record many other Protoperidinium species (Harland, 1983) .
The structure of this cyst is somewhat atypical of the Recent marine Protoperidinium cysts thus far known, none of which are capsulate or have apical archeopyles. The most similar marine cyst is Dubridinium caperatum Reid which was established as the cyst of Diplopeltopsis minor (Paulsen) Pavillard [ = Zygabikodinium lenticulatum (Paulsen) Loeblich & Loeblich 1111 by Wall 8r. Dale (1968a) . In D. caperatum, however, the wall layers are closely associated, the archeopyle is epicystal and there is also some paratabulation. There are, however, a number of Recent capsulate freshwater cysts, for example Peridinium limbatum (Stokes) Lemmermann, investigated by Evitt & Wall (1968) and Peridinium wisconsinense Eddy, investigated by Wall & Dale (1968a) but these differ from Protoperidinium americanum in having apical and antapical horns, in the presence of paratabulation and in their archeopyles. The archeopyle of P. wisconsinense is the most similar, being apical and representing the loss of 2', 3', 4', and part of 1'. It does, however, remain attached ventrally and the paraplates do not separate. The archeopyle of P. limbatum is transapical (Wall & Dale, 1968a; Evitt & Wall, 1968) . Perhaps the most similar of these freshwater cysts is cyst type D of Norris & McAndrews (1970) , it being more rounded than the previous two. Other freshwater Peridinium cysts appear to have three walls, for example Peridinium cinctum f . ovoplanum Lindemann (Pfeister, 1975) and Perdinium willei HuitfieldKass (Pfeister, 1976) . The P. americanum cyst would seem to be most closely related to the two-walled freshwater cysts.
The archeopyle is interesting as it differs considerably from the intercalary archeopyles typical of other Protoperidinium species. It does not fit in with any of the peridinioid archeopyle types surveyed by Evitt (1985) . A 3A archeopyle is, however, figured for a non-peridinioid cyst ( fig. 6 .9 H) so this type is not unique. The difference in archeopyle in the endophragm and the periphragm indicates that the two walls are structurally independent, fitting into the scheme described by Eaton (1984) for fossil cavate cysts.
The arrangement of the plates of the epitheca and the cingulum are also somewhat atypical for the genus. In Protoperidinium, there are normally two or three intercalary plates. The fourth intercalary plate appears to be unique to this species. The first intercalary (la) could perhaps be regarded as the extra one with respect to the rest of the genus (Fig. 2a) . It is unusual in that it touches the first precingular plate (iff), an arrangement found within the genus Peridinium (Peridinium aciculiferum (Lemmermann) Lemmermann in Bourrelly , 1970) but not Protoperidinium. The genus Peridinium, however, does seem to have much less conservative epithecal plate arrangements. The cingular plates, although the same in number as other members of the genus, are different in arrangement. The first cingular Explanation of Plate 2 SEM illustrations of excysted thecate cells of Protoperidinium americanum plate (lc or the T plate of some authors, e.g. Balech, 1974) is much longer than is usual, running from the sulcus, past the first precingular (1") plate and part way into the second precingular (2") plate (Fig. 2b) . In other Protoperidinium species, this area is usually occupied by the first two cingular plates. Consequently, the very large third cingular plate (3c) of other Protoperidinium species is replaced by the second and third cingulars in this species; an arrangement analagous to that found in Peridinium.
P. americanum clearly has some affinities with Peridinium but differs in the number of cingular plates and the lack of chloroplasts. Nevertheless, it is a unique member of the genus Protoperidinium. The cyst is atypical in both the archeopyle and general morphology and with the difference in thecal plate tabulation, this raises the question of the position of this species in the genus. However, as at present only one species of this type is known, we feel that any taxonomic revisions should wait for further examples.
An additional problem is that of dual nomenclature. While with fossil species there is a clear need for a separate nomenclature, the case for such a dual nomenclature for Recent cysts is not so clear cut. However, with P. americanum the link between the cyst and the thecate stage has been clearly established and each completely described. As Dale (1978, p. 192) concluded, "New cyst-based nomenclature should not be created just to 'artificially' maintain dual classification" and Reid (1974, p. 587 ) also suggested that the "thecate stage should take precedence for nomenclatural purposes". In conclusion, we feel this cyst should be known as the "cyst of I? americanum" as is the case for some other Recent cysts (for example P. Zimbatum and P. wisconsinense; Evitt, 1985) .
